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In the investigation of fungus infectivity, serologic approaches
have found serious obstruction in the lack of a suitable antigen.
Most pathogenic fungi grow on artificial media as a mass of dry,
filamentous matter that is not suitable for animal immunization
or for serologic testing.
Where this difficulty is not met, immunologic methods have
proved readily applicable to the fungi. Some yeastlike fungi
like bacteria, produce growths that behave well in antigenic
suspensions. Bissérié in 1901 found that beer yeasts led to
agglutinin formation in inoculated animals. More recent investi-
gators obtained precipitation and complement fixation reactions
with extracts of yeasts. Yeastlike pathogens have been so
investigated. Serologic studies of Benham (1931) and of Stone
and Garrod (1931) for instance, did much to clear up the con-
fusion regarding the infectivity of moniliae. Most pathogenic
fungi on the other hand, whether yeastlike or mycelial in the
tissue lesion, grow in culture as molds. Any artificial antigen
would have to be prepared from the mold culture.
Vegetative substance of the pathogenic mold is not itself
suitable for immunizing inoculation, as is that of the yeast. Its
suspension is poorly tolerated by animals, and it has so low an
antigenic content that it stimulates little immune response.
Intravenous injection of the ground-up mycelial mass has usually
caused emboli and death of animals injected (Link and Wilcox,
1933; Conant and Martin, 1937). Citron (1905) injected
mycelial emulsions of some ringworm and favus fungi intra-
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peritoneally with more success. Link and Wilcox immunized
with certain saprophytic fungi through this route, though for
adequate immune response they gave additional saline extracts
intravenously. Conant and Martin (1937) inoculated suspen-
sions at multiple points in the skin. An animal of Kesten, Cook,
Mott and Jobling (1930) survived the intravenous inoculation
of some ground-up Trichophyton gypseum suspension, but failed
to develop the demonstrable immunity that other animals did
on injection with yeasts.
Suspensions of the spores of molds have been better tolerated
intravenously and have proved more effective. The impression
finds repeated mention in the earlier literature that only the spore
is antigenic, whether of yeast or mold. Blakeslee and Gortner
(1915) working with mucor, and Matsumoto (1929) with aspergil-
lus, succeeded in immunizing animals by intravenous injection
of spores. This required numerous inoculations of large doses,
up to 150,000,000. Whatever the possibilities of this means of
immunization, it is impracticable for the pathogenic fungi, whose
spores cannot be separated in any abundance. Another attempt
to immunize with molds has been by extracts of the antigenic
substance in solution.
Suspension of the mold substance has limited applicability as
test antigen for in vitro reactions. Suspensions of the spores have
been made to react in a few instances. Sporothrix spores were
agglutinated by patients' serum (Widal, Abrami, Joltrain,
Brissaud and Weill, 1910). Spores of mucor and of aspergillus
were agglutinated by the sera of immunized animals (Blakeslee
and Gortner, 1915; Matsumoto, 1929). Fusarium spores failed
to react specifically because they gravitated so rapidly (Nelson,
1933). Martin (1938) ground up the mycelial matter of
cadophora and phialophora and used the suspension successfully
as antigen for complement fixation.
Test reactions have been made also with extract of the molds,
as with that of the yeastlike fungi mentioned above. Link and
Wilcox (1933) extracted antigen from fusarium and from other
saprophytes that proved satisfactory for precipitin test. They
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extracted in physiological sodium chloride solution after defatting,
and obtained a solution that gave a positive biuret reaction.
This extract with the immunized serum gave high titer precipitin
reaction. A suitable soluble extract holds wider possibilities
than any suspension antigen, for test reaction as well as for
immunization.
The greatest difficulty with soluble extracts, from any kind
of fungus, is to separate them in sufficient quantity and concen-
tration for the immunization of animals. The yeastlike fungi
have yielded antigenic extracts sufficiently rich for test reaction,
even on simple autolysis of the yeast cells (Balls 1925), but in
the few instances where tried for immunization they have failed.
The yeast gum of Mueller and Tomcsik (1924) is an instance.
Immunizations of animals have been accomplished from the first
with entire cell suspensions, and still are in recent work (Peck,
Martin and Hauser, 1940). Such suspension can be relied on to
immunize, though not always readily or uniformly (Duncan,
1932). The need for an immunizing extract is much more im-
perative for the poorly tolerated molds. Link and Wilcox anti-
genie extracts from myceial fungi failed to immunize, though
their intravenous injection helped to build high titer in animals
receiving powdered mycelial matter peritoneally.
The only antigenic preparation of molds to meet the demands
set forth would be a soluble extract suitable for in vitro test, also
tolerated intravenously, and of sufficient concentration to stimu-
late a high degree of immunity. Nelson (1933) approximated
this result with the extracted globulin of a fusarium, though
unfortunately the yield was quite small. He had first tried a
method somewhat like that by which ricin is extracted (Osborn,
Mendel and Harris, 1905). He dissolved out the antigenic
substance from maccrated myceial matter with five per cent
sodium chloride solution and then dialyzed away the sodium
chloride. This watery extract was not concentrated enough to
immunize with, and he gave it up as ineffective. Later he did
succeed in mechanically expressing a cell sap that gave protein
reactions and showed high antigenic potency. Due to the very
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small yield of this latter he employed a special microtechnic for
test reactions, and for some of his immunizations he used the
mycelial suspension instead.
EXPERIMENTAL
As the initial step of my antigenic preparation I utilized the protein solution
method first tried by Nelson; then I followed this by a second step in which the
antigenic protein was separated out in concentrated form. The cultured mold
was mixed with strong sodium chloride solution and ground up in a ball mill. The
saline, with proteins now dissolved in it, was then separated from the mold pulp
by centrifugation and ifitration. The protein in turn was separated from the
saline by salting out and centrifugation. The resultant protein-containing resi-
due has proved to be well tolerated by rabbits and suitably antigenic. Six intra-
venous injections resulted in satisfactory immunization. The antigen and
immunized serum gave distinct precipitin or complement fixation reaction, the
precipitation titer reaching some point between 1000 and 8000.
For this work I concerned myself principally with some dermatophytes. For
preliminary experiments on the extraction procedure it was more convenient to
employ faster growing saprophytes, and an aspergillus was used more often than
any other. The method so devised was then successfully employed for a number
of saprophytes and dermatophytes, and doubtless would serve equally well for
any fungus of similar character.
The entire vegetative mass and not any particular structure of the mold seemed
to yield this antigenic protein, spores contributing no more proportionately than
hyphae. The amount of antigenic residue obtained from the ordinary aspergillus
culture, heavily covered and black with spores, approximated that from a white
sterile phase culture of this same strain that was relatively free from spores. Ani-
mals inoculated respectively with these two aspergillus extracts attained similar
immune titer, and the two cross precipitated to full titer. This indication that
the degree of sporulation does not determine antigen yield assumes some im-
portance in work with pathogenic fungi whose cultures produce few spores. This
finding was confirmed with dermatophytes. Pleomorphic and nonpleomorphic
strains of Microzporum felineum (M. lanosum) yielded about equally. Nor did
any of the test organisms which produced conspicuously few spores fail to give a
good yield of the antigenic residue.
The age of a culture proved to have considerable influence on its yield. Link
and Wilcox (1933) observed that the antigenic potency of their extracts was
highest from very young cultures. I found similarly that the older the culture
was, the less would its yield of antigenic residue be. The dermatophytes grow
quite slowly, and adequate quantity of fungus substance has usually required a
number of weeks incubation. The yield of antigen was not long at its best after
the full extent of active growth was reached. As the culture got older its yield
diminished. With M. felineum and also M. audouini I obtained nearly ten times
as much residue from cultures five or six weeks old as from cultures seven or eight
months old. A certain strain of Micro8porum feLineum in one month old culture
yielded 2.4 per cent of its weight in the protein-containing residue, in seven
months culture 0.25 per cent, and in eight months culture 0.17 per cent. Three or
four strains of M. felineum in six weeks old culture averaged 2.4 per cent and of
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M. audouini 2.1 per cent, whereas a few strains of M. felineum in seven or eight
months culture averaged 0.25 per cent and of M. audouini 0.3 per cent.
The mold was grown on the surface of Sabouraud's broth. About 250 cc. of
the broth in a one-liter Erlenineyer flask afforded suitable surface area. In very
warm weather growth would progress well at room temperature. In cooler
seasons the dermatophytes develop only very slowly at room temperature, and
were found to grow better at 29°C. in an incubator. The inoculum was floated
on the surface, where the growth then took place. Occasionally it would sink,
but usually grew back to the surface and continued to develop there. After a
time the mat of growth stopped spreading, not always covering the entire surface.
When it appeared to have reached its full extent the mat was removed to a beaker,
washed with a few changes of water to remove broth ingredients, and weighed.
As a rule the dermatophyte mats so cultivated ranged in weight from 10 to 30
grams. The saprophyte mats weighed more.
One or more growth mats of an organism were put in the ball mill with large
flint pebbles. To this growth 10 per cent sodium chloride solution was added in
amount of 40 to 200 cc. according to the amount of mold substance. The mixture
was ground to soup-like consistency, and until few if any gross fragments of the
mold were still evident. From one to three hours of grinding usually accom-
plished this result. Occasional mats were of such leathery toughness that they
would not disintegrate in the mill, and these were first ground with Berkshire sand
in a mortar. It proved possible to carry out the entire grinding procedure in the
mortar with sand, but this procedure was exceedingly laborious. As the fungus
tissue was reduced to a pulp, its antigenic proteins dissolved in the fluid. Longer
periods of grinding, or long periods of standing after grinding, seemed not to
increase the amount of protein taken into solution. In some experiments the
grinding in ball mill was continued for eight hours, and in others the ground up
suspension was not separated until it had stood for two or three days, with occa-
sional shaking; but in none of these was there an evident increase in the amount of
protein extract recovered. Saline was selected as the solvent because it dissolves
out more protein substances than does water. This proved advantageous though
not essential. Water extraction was also tried and brought out considerable
antigenic matter.
The solution with its antigenic protein content was then freed from mold pulp
by centrifuging in 25 x 150 mm. tubes and passage through a Seitz filter. It was
received into other similar tubes saturated with ainmonium sulphate (C.P.) and
put aside over night for the protein matter to salt out into suspension. This
suspension was then distributed to 16 x 100 mm. tubes in an angle centrifuge for
separation; at 2000 r.p.m. that separation took about 3 hours. The solid material
went to the bottom of the tubes as a loosely compact brown mass, from some
cultures very dark brown and from others quite light in shade.
This solid residue contained the desired protein, as well as water, ammonium
sulphate, and small quantities of whatever else such treatment might yield, gums
perhaps, and inorganic matter. The protein itself constituted a few per cent of
the residue's content. Nitrogen determinations were made through the kindness
of my colleague, Professor Byron Hendrix. They showed one sample, from
aspergillus, to contain 2.5 per cent of protein, and another, from Microsporum
felineum, to contain 7.2 per cent.
Most of the superuatant fluid was taken off for discard by drawn pipette and
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the remaining suspension was recentrifuged for an hour in a 10 x 100 mm. tube in
which the volume of the centrifugate could be measured. This volume was taken
as a unit for subsequent dilutions. From an average young flask culture of a
dermatophyte it ran about 0.5 cc. All the cleared fluid was then withdrawn and
replaced by a few cc. of water. The residue in 10 parts of water went partly into
solution and remained partly in suspension. For some purposes the crystalline
salts were removed by dialysis through collodion or cellophane shells. This final
step proved unnecessary for most of my experiments. The ammonium sulphate
concentration remaining after such dilutions as are appropriate to animal im-
munization or precipitin test was insufficient to affect either animals or test.
Downs and Gottlieb (1932) found no inhibition of precipitin reaction by this salt
up to gram molecular concentration.
For stock, the residue was diluted with water to an estimated 10 per cent
strength. On the average, this was the 1:10 dilution of the residue's volume, read
as above noted. Since the different specimens of protein material would not pack
uniformly, account was taken also of the prior turbidity of the suspension in
saturated ammonium sulphate. Addition to the residue of just 10 volumes of
water made mixtures that were obviously thicker in some instances than in others,
even after prolonged centrifuging. The turbidity proved no less variable, some
specimens being conspicuously more transparent than others.
The titer for a number of antigen specimens, reacting against a single serum,
proved not to run consistently more uniform as figured by one mode of dilution
than by the other. Both were shown to be but approximations. A means for
actual standardization at this point would reduce experimental error and permit
comparison of smaller differentials in titer level. Lacking that as yet, I gave
equal weight to the amount of residue obtained and to the prior turbidity in
estimating the 10 per cent stock dilutions. Samples so adjusted seemed from their
foam persistence and appearance otherwise to have similar viscosity. Some still
assumed a much darker shade of brown and some contained more insoluble matter
than others. Tricresol, 0.2 per cent, was added as a preservative.
This process of extracting antigen may seem protracted in its description, but
it is not particularly time consuming for the preparator. Material in preparation
spends weeks in incubation and many hours in ball mill, centrifuge and salting out
process, but no more time in actual manipulation by the laboratory worker than
some of the bacterial antigens in common use.
Rabbits tolerate the antigenic substance well, whether inoculated by intrave-
nous or other route. The only unfavorable effect on these animals has been an
anaphylactic or anaphylactoid reaction at times, such as commonly occurs from
other proteins. Several of the animals developed such reactions on receiving one
of the latter doses of an intravenous series. Most of these animals were treated
with sugar solution after the suggestion of Sugg and Neill (1929), and in one in-
stance with suprarenin, and all recovered. The only loss of an animal during
immunization was due to anaphylactic shock before this treatment was adopted.
The rabbits exhibited no toxic effect, whether inoculated intravenously or
peritoneally. Neither did mice. It may be of interest to note that guinea pigs
did. A few guinea pigs died while being immunized by peritoneal inoculation.
Pulmonary hemorrhage was the most frequent of the post mortem findings, others
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being sero-fibrinous exudation of the peritoneum and necrotic patches in the liver.
Henrici (1938) obtained similar effect in rabbits, guinea pigs and mice with large
doses of a mechanically expressed cell sap from certain aspergilli. Nothing of the
sort occurred during immunization of rabbits by the antigenic preparation in.
dosage I am describing.
Uniformly satisfactory immunization followed a course of six intravenous
inoculations. The 1:10 stock was further diluted to 1:50, and doses of 3, 6 and
8 cc. of this were given at five day interval; then after two weeks rest period, three
more of 8 cc. each were given at the five day interval. After the first three inocu-
lations, the precipitative titer rose to about 800, and after the final three to 2000
or 4000 as a rule, sometimes higher. Final bleeding was carried out 9 days after
the last inoculation. A few flask cultures of a fungus yielded sufficient antigen
for a rabbit's immunization, or even a single culture if large and not too old.
Experiment showed the immunizing power to lie most largely in the dissolved
portion of the antigen stock. A rabbit receiving the Seitz filtrate of an aspergillus
antigen stock developed higher immunity than one receiving the washed sedi-
mented matter from nearly ten times as much of this same antigen. Both prepa-
rations immunized.
Higher degrees of immunization were obtained by more intensive and prolonged
courses of intravenous inoculations, and even by the doses above noted if given at
longer interval. Peritoneal inoculation did not immunize as rapidly. Com-
parison of the two routes was made in one experiment. With equivalent doses and
intervals of inoculation, the titer after four inoculations was 1600 where intrave-
nous, and 400 where peritoneal. After the six inoculations it was 6400 where
intravenous and 1600 where peritoneal. Additional peritoneal inoculations
eventually brought the animals so inoculated to the higher titer. The peritoneal
route had the one advantage that anaphylactic reaction did not occur, whereas it
did in occasional animals inoculated intravenously.
The antigen seems to be reasonably stable. There has been no evident de-
terioration during the period of the study. How much longerit will remain potent
remains to be seen. Tests were made with antigen or preserved serum ranging up
to eight months old, an occasional specimen considerably older, and these aging
materials reacted to titers as high or nearly so as at first. Immune reactiveness of
serum within the rabbit's body decreased rapidly when the inoculations were
discontinued, until after a few months the reaction occurred only in very low dilu-
tion if at all. Immunity could be readily brought back by two or three inocula-
tions of the antigen, returning it to full titer.
This method of antigen extraction is not peculiarly adapted to the mold, or
to the fungus. I once tried it also for bacterial antigen. I was interested to learn
whether the antigen separable by this manipulation was the same antigen that
reacts when whole cells are injected. Was it the sort of antigenic substance that
has become generally familiar through bacterial immunization? With this in
view, I extracted the corresponding residue from typhoid bacilli. The essential
parallel in results indicated that the antigenic substance brought out by this
extraction method was the same as that of the untreated suspension. This
permits an assumption that the antigenic substance separable in this manner
from fungi is the important antigen of the fungus.
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RESULTS
The precipitin reaction has given me more information than
other serologic tests. That is the common experience also of
workers employing most other fungus antigens except those from
agglutinable yeasts, and the precipitin reaction has proved useful
even with yeasts. Schütze (1902) investigated yeasts by precip-
itin as well as agglutinin reactions, and obtained a definite
precipitation though not sufficiently specific for the distinctions.
he sought. Balls (1925) obtained specific reactions. These two
employed simple yeast autolysates. Lim and Kurotchkin (1930),
Tomcsik (1930) and Stone and Garrod (1931) each described more
highly reactive extracts of monilias and other yeastlike fungi.
Link and Wilcox (1933) conducted an elaborate precipitin study
of filamentous fungi, principally fusarium. These two workers
employed a physiologic sodium chloride solution extract of
powdered and defatted mycelial matter and found it adequate for
precipitin test though not for immunization of animals.
Precipitin test with the reagents described in this paper calls
for no special skill. The mixture of diluted antigen and test
serum becomes turbid after an hour or two, and sometimes after
only a few minutes, with a fine powdery precipitate that is readily
observed under a hand lens in oblique light. With the serum
underlaid instead of mixed, a distinct ring forms. By the next
day this precipitate settles into a white sediment, that floats
up on rotation of the tube. I took as titer reading the last
antigen dilution in which a light but distinct cloud of precipitate
floated up, that ordinarily noted as +. Half this strength
would show a distinct trace of precipitation, and twice this
strength a fairly heavy precipitate, + + or + + +. Titer entries
of this article are based on the dilution of antigen in this weakly
reacting (+) tube. Readings are best recorded after 24 hours.
On 48 hour reading a higher dilution would show specific precipi-
tation but spontaneous reactions also were then more pronounced.
I frequently used 0.5 cc. quantities of the serially diluted
antigen in normal saline with 0.15 cc. quantities of the test serum,
and kept the tubes in a 37°C. bath for an hour and then in the
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refrigerator. Tests with this dose were carried out in the 10 mm.
tubes ordinarily used for agglutination. Other doses and other
incubation temperature worked about as well. Sometimes I
used the 7 mm. precipitin tubes with much smaller doses of
reagents. A sample of test serum would go farther, where a
large series of tests were to be run. There is little reason for
economy of antigen as it is readily available in abundance. The
working out of a precise technical procedure did not seem im-
portant as the reaction came out so clearly.
The most definite and clean cut reaction was obtained with the
soluble portion only of the stock antigen, centrifuged clear. It
was pointed out above that most of the immunizing power lay
in this dissolved portion. Separation by centrifuge was not
necessary though, as most of the residue settled down of itself
and left the supernatant fluid fairly clear.
An antigen mixture that still retained its suspended solid
content presented no difficulties as a rule, if there was not too
much of it. This suspended matter would cloud the tubes some-
what in the lower dilutions and confuse the early hand-lens
reading. Except in occasional very low dilutions it did not settle
to the bottom of the tube or in any way mask the final reading
of a test. The higher dilutions showed no suspended matter
in any way resembling a precipitate. There was occasional
difficulty with spontaneous reactions in low dilution tubes.
Without preliminary removal of suspended matter, such precipi-
tations occurred often in dilutions below 100, and occasionally
in dilutions up to 125 or even 250, rarely higher.
Experimenters have sometimes found the complement fixation
reaction useful for serologic investigation of fungi. Schütze
(1911) used complement fixation for such distinctions among
yeasts as he had previously made by agglulination and precipita-
tion. Yukawa and Ohta's (1929) results on debaryomyces,
torula, and other yeastlike fungi by complement fixation were
less precise but similar to those by precipitin absorption. Stone's
(1930) complement fixation tests indicated significant serologic
groupings among yeastlike fungi, and also among sporothrices.
Martin (1938) employed the complement fixation test for relating
214 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
certain pathogenic with wood puip molds. In general, the
complement fixation test has utilized the same antigenic material
and has proved applicable for the same distinctions among fungi
that the precipitin test has. To some authors it has seemed the
more valuable of the two tests, and to others the less so. The
results of the two ordinarily agree.
The antigenic preparation I have described likewise proved
suitable for complement fixation as well as precipitation test.
The usual effective dose of this antigen was 0.1 cc. of the 1:200
dilution, the 0.1 cc. dose of dilutions up to 1:50 being often anti-
complementary. So far as they went, the reactions of these
complement fixation tests paralleled those of precipitin test.
The serum which gave a high titer precipitin reaction would fix
complement in dosage perhaps as small as 0.005 or 0.01 cc. The
test did not prove suitable for lower titer serums where 0.05 to
0.1 cc. were required to fix the complement, for in that dosage
my stored immune rabbit sera were commonly anticomplementary
themselves.
Due to such limitation, the complement fixation test did not
seem to promise as much as the precipitin test, and I have not
worked out its possibilities at all thoroughly. I used complement
fixation only to confirm some of the higher titer precipitin reac-
tioris. I cannot say how my antigen compares with the comple-.
ment fixing antigens utilized by others.
Just what sorts of information can best be obtained by use of a
fungus antigen remains to be seen. My work with it has pro-
gressed far enough to indicate that significant distinctions can be
made. I want to present here a preliminary abstract of some
precipitin observations now under way, at this time less for their
own significance than to show what sort of differentiations among
fungi seem to rest on the antigen.
I immunized rabbits to several strains of microsporum, some
with the cultural and morphologic appearance of M. felineum
(M. lanosum) and some with that of M. audouini. Every serum
precipitated antigen of the immunizing strain to a dilution of
2000 or above, and that of other strains of the same microsporum
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to a titer as high or nearly so. Furthermore, the serum immune
to one microsporum precipitated strains of the other one to about
the same titer. That is to say, the typical M. felineum strains
and those resembling M. audouini all cross precipitated.
The sera immune to these microspora failed to precipitate
antigens from a series bf saprophytic fungi, aspergifius, penicillium,
hormodendrum, fusarium and alternaria. A strain each of some
dermatophytes other than these two microspora proved almost
nonreactive to them (Trichophyton epilans, Microsporum gypseum,
and Epidermophyton floccosum), though strains of certain other
dermatophytes did precipitate to variable titer (Trichophyton
mentagrophytes and Trichophyton rubrum). Sera immunized
similarly to aspergillus, T. mentagrophytes, and T. rubrum precip-
itated their own immunizing strains to high titer but not those
of the microsporum. It appeared that all the microsporum
strains of the first series mentioned were in a common antigenic
group. Other dermatophytes were variably and less closely re-
lated with them, and the saprophytes not at all.
Regarding mold antigens in general, distinctions among these
fungi evidently differ from those usually found among bacteria
in that a serologic type may be much more broadly inclusive.
Serologic methods differentiate most bacteria more delicately
than do the cultural methods, whereas it would seem that they
type certain culturally different fungi together. Typing among
the acid fast group offers a bacterial analogy, the human and
bovine tubercle bacilli typing together (Wilson, 1925).
This broader antigenic relationship of the fungi appears also
in the findings of others whose work I have cited. Link and
Wilcox (1933) attempted to define a biologic classification of
fungi by means of their antigen, but were unable to do so. What
utility the molds' serology does have will be determined better
after more extended investigation.
CONCLUSIONS
1. A method is described for the extraction of antigen from
molds.
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2. The procedure consists in the dissolving of proteins from
the fungi into sodium chloride solution, and then salting them
out with ammonium sulphate.
3. This protein residue contains the important antigen of the
fungus with which animals can be immunized.
4. The same material makes suitable test' antigen for precipitin
or complement fixation test.
5. Serologic groupings among the dermatophytes and other
fungi of similar character may be established with these reagents.
6. Among the few fungi examined, differentiation proves to be
less delicate by serologic than by cultural method.
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